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2motion appears in purely linear quantum dynamics as
well[11].
The theory of the inational universe[12] oers am-
ple support to the assumption that classical states of the
world emerge around big-bang-like situations as inhomo-
geneous uctuations. Taken that as granted, one has to
explain how those classical states resist to the kind of
quantum spreading described by the linear Schrodinger
equation.
Self-sustaining classicality in the above sense needs
nonlinearity in the form of an attractive self-interaction
acting on the wave function. It can be regarded as a kind
of auto-focusing of matter waves, eventually caused by a
potential whose source is the matter density. The usual
two-point interaction construct of ordinary quantum me-
chanics is not satisfactory, since it preserves the linearity
of the equations of motion, with the spreading of wave
packets, formation of Schrodinger cats and all that. On
the other hand, mean-eld approximation to a two-point
attractive interaction is just the thing we need to keep
wave packets together. There is a trouble though: for
the usual kind of interactions, mean eld is an approxi-
mation, not the true nature of things.
In all respects, gravity is the natural candidate[13]. It
is none of the familiar class of contact interactions, since
it is encoded into the geometry of space-time. There is
no evidence against dening mass density, the source of
gravity, as the quantum mechanical mean value of the
operator of mass density, without additional quantum
uctuations. In that case there is no quantum uctua-
tion of the metric either, and gravity acts as a mean eld
on all massive objects, including its sources[14]. Such
a scheme in the limiting case of Newtonian gravity was
described in Diosi (1984)[15], who { following the proto-
col of Bialynicki-Birula and Mycielski[16] { demonstrated
the existence of soliton-like wave packets stabilized by
gravitation, pointing out that gravitation is not able to
pull distinct wave packets together.
However, that is not necessary for self-sustaining clas-
sicality. We suggest a scenario in which although Eq. (1)





remain close to each other, glued together by gravita-
tion, although the measurement interaction tends to pull
them apart. As a consequence, the double wave packet,
slightly split to balance between opposing forces, moves
together under the action of the averaged measurement








in a mean-eld way;
then entering a frozen random environment, undergoes
a random choice with the respective probabilities p and
1  p, in agreement with Born's rule.
As demonstrated below in detail, for the above scenario
gravitation has to be strong enough to protect a double
wave packet from splitting under the action of a measur-
ing interaction which is strong enough to accelerate it as
a whole.
To simplify the analysis, we start from the two-state
microobject interacting with a one-dimensional massive
apparatus, introduced in Eq. (1). The model Hamilto-
nian is
^





























contains a constant force F
meas
representing the inter-
action of the microobject in state ji with the apparatus,
as well as a force F
div
modelling a landscape of random
barriers, frozen during the act of measurement, diverting
the apparatus towards one of the possible outcomes of
the measurement.
We set out to solve the time-dependent Schrodinger
equation for the pure quantum state on the r.h.s. of
Eq. (1). Because of h+j i = 0, the c.o.m density of the
apparatus is a weighted sum of two non-interfering terms:









To calculate the gravitational potential V
grav
(x; t), we
assume that the apparatus is a homogeneous massive
sphere of mass M and radius R, and - what should be
checked afterwards - both the widths x
0
of the c.o.mwave
packets and their distance d are kept small:
x
0































Here we have introduced the characteristic frequency of










where G is Newton's gravitational constant. For a typ-









Hz. We notice that Eq. (6) furnishes a di-
mensionally correct potential energy that can be plugged
into a one-dimensional Schrodinger equation to obtain
valid estimates.
The basic estimate is this: to sustain classicality of
the apparatus, the double wave packet should remain to-
gether during measurement, therefore its mean splitting





< R. On the other hand,
in order to obtain measurement, its displacement as a
whole during the measurement interaction of duration

meas










is a displacement on the scale of the diverting













In view of the estimate of !
grav
given above, this in-
equality means that for a measurement of duration 1 s,
random decision is controlled on the displacement scale
of 10
 6
times the size of the apparatus. If that scale is
xed about 1 nm, our estimates require R & 10
 3
m for
an object big enough to survive conicting accelerations
without splitting into two parts entangled with dierent
states of a microobject. That is our tentative criterion for
classicality of the apparatus. Although a massive sphere
dragged around by interaction with a microobject is cer-
tainly not the realistic model for a particle detector[17],
the above gures give suÆcient comfort to proceed with
the analysis.
Equations (2, 3, 4, 6) dene a Hamiltonian depending
on the modulus of the wavefunction. However, as seen







%(x; t)dx ( = 1; 2),
therefore the corresponding Schrodinger equation, al-
though nonlinear, can be solved by elementary tools.
The tool we use is the equation of motion of a coher-
ent state under the action of a time-dependent force[18],
having in mind the time-dependence of the gravitational
force proportional to x in Eq. (6). The other forces
are taken constant in time[19], so we look for a uni-
formly accelerating motion with x = A + Bt + Ct
2
. As-

























for the moving c.o.m. coordinate. Applying properly
scaled formulas from Reference 18, a closed integral equa-
tion is obtained for x(t). It turns out that as expected,
the equation has a smooth, uniformly accelerating solu-
tion, the coeÆcients A;B;C of which can be evaluated,
and one obtains















is the sum of the \meaneldized" measurement force
caused by interaction with the microobject, and the
frozen random force diverting the motion of the appa-
ratus towards one of the possible outcomes, according to
F ? 0 . If F
div




, the respective probabilities of moving to the
right or to the left are p and 1   p, in accordance with
Born's rule.
Eq. (10) is a solution appropriate to a special class of
initial conditions. For a general initial condition, oscil-
lations around the smooth path appear. We conjecture
that the role of decoherence in quantum measurement is
to continuously damp such oscillations. Preliminary nu-
merical results seem to support that expectation; details
are currently being studied.
What has been described above is a gravity-based dy-
namical model for a single detector of a binary observable
of a microobject. It shows a route to the dynamical ori-
gin of quantum randomness, with no creation of macro-
scopically split superpositions, and accordingly, with no
necessity of collapse. Once classical states of matter are
present, gravitation forces macroscopic bodies to remain
conned, and allows them to explore the possibilities clas-
sicality oers to generate randomness. In that respect
this model performs like stochastic reduction models[9]
do, without putting in randomness by hand.
The present scheme denitely gets out of the Copen-
hagen philosophy: Eq. (4) materializes the Schrodinger
wave function as the source of gravity, which precludes
the possibility of relegating the wave function into the
realm of ideas.
In one important respect, however, the present ap-
proach is less eÆcient than usual quantum mechanics.
This is the rationalization of detector anti-correlations:
the feature that for a single particle interacting with two
detectors ring on mutually exclusive values of an observ-
able, only one of the detectors can give a signal. That fea-
ture, in the root of Heisenberg's original collapse idea[2],
and also very seriously discussed by Einstein[20], is gener-
ally believed to hold, although direct experimental tests
are not abundant.
In its Neumannian way, ordinary quantum mechanics
oers an explanation[21]. In a trivial extension to a two-
detector situation in which  
(1)

means that detector 1
gives a signal or not, and  
(2)

is the same for detector 2,


































This equation contains only terms of the expected anti-
correlation property, therefore after collapsing into one of
the terms of the entangled superposition, a classically ob-
4servable anti-correlation would appear between the two
detectors.




(x; t) and  
i
 
(x; t) (for i = 1; 2) are macroscopically
indistinguishable. At the face of our model, the respec-
tive probabilities of the two-detector outcomes ++, + ,




, (1  p)p. As we
all believe to know, the correct answer is 0, p, 1  p, 0.
That very strongly resembles of interference: destruc-
tive on some of the classically apparent possibilities, con-
structive on others. The trouble is that I was unable
to identify the corresponding scenario of interference.
One of the less obvious possibilities would be a Berry
phase[22] inducing a vector potential in the two-detector
conguration space, that would destabilize the ++ to
   diagonal. As a matter of fact, the last term of
Eq. (6) gives rise to a fancy phase factor; however, the
conguration-space curl of the resulting vector potential
is vanishing: no destabilizing force arises. Therefore it
is left to the Reader as an exercise to pin down what is
interfering with what.
Among the many colleagues with whom I had the plea-
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search Foundation (grant OTKA T 029544).
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